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THE ISOLATION IN CRYSTALLINE FORM OF SOME OF
THE PIGMENTS OF TRICHOPHYTON RUBRUM*
JOHN C. WIRTH, PH.D., PAUL J. O'BRIEN, B.S., F. LOUIS SCHMITT, B.S. AND
ARTHUR SOHLER, B.S.
Although a vast amount of biochemical and physiological research has been
done on the non-pathogenic fungi, comparatively, little has been done on the
metabolic products of the fungi pathogenic to the higher forms of life, Bocobo
(1), Nickerson (2, 3). Among the pathogenic fungi is Trichophyton rubrum, one
of the dermatophytes. An outstanding characteristic of this group of microorgan-
isms is their pigmentation, the coloring matters being found on the undersurface
of the colony. Under controlled conditions, the shade of pigmentation is believed
to be fairly characteristic of many species and, therefore, the coloration is used
as one of the criteria in classifying these fungi.
The information available in the literature concerning the pigments of the
dermatophytes is most meager and entirely descriptive. Sabouraud (4) quotes
Truffi, who stated that the pigments of the Dermatophytes are acids, since he
claimed that they are precipitated by bases. Tate (5) found that the pigments of
T. rubrum and T. mentagrophytes are red to reddish-brown in color, easily soluble
in dilute acids and acidified alcohol, and that they function as acid-base indica-
tors, being yellow in an acid medium and red in an alkaline medium. He also
claimed that an alkaline solution of the pigments could be reduced with sodium
dithionite and reoxiclized by contact with air. Both the pH and oxidation-reduc-
tion effects could be reversed many times. In addition, he stated that the pig-
ments are heat stable. Thompson (6) confirmed the results of Tate with T. gyp-
seum and T. rubrum and extended these observations by finding that these
pigments in solution turn a bluish-lavender at a pH above 9. He reported that
such a solution, on standing, turned yellow but the lavender color could be re-
stored by oxygen but not by nitrogen, hydrogen sulfide, or carbon dioxide. Tate
(5) and also Georg and Maecheling (7) claimed that the pigments might be an-
thracene compounds. This statement is completely unsupported by published
experimental evidence. Pinetti (8) has recently achieved a partial separation of
the pigments in T. violaceum by means of chromatography on aluminum oxide,
but none of the fractions were reported to be in crystalline form.
Paldrok (9), citing the work of Georg and Maechling, and of Nickerson,
stated: "The causes of quantitative variation in pigment production in the Der-
matophytes have not been elucidated as the pigment itself may be regarded as a
single chemical substance and the changes in shade seem to depend solely on the
pH and the reduction-oxidation potential of the cultures". A careful and ex-
haustive search of the literature failed to reveal any evidence whatsoever in
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support of this statement, although this idea, at least by implication, seems to be
quite widespread among the previous workers in the field.
EXPERIMENTAL
.1) Preparation of the Myceliuni
Stock cultures of T. rubrum (isolate No. C46) * were maintained in the re-
frigerator on slants of Sabouraud's Conservation Agar and subcultured every
three months.
To obtain substantial quantities of the mycelium, batches of one hundred
twenty 23/2 1. Fernbach flasks were ifiled with 500 ml. of Sabouraud's Dextrose
Broth. These were then autoclaved and inoculated with a large piece of mycelium
cut from a Petri dish culture. After incubation for 6 to 8 weeks at room tempera-
ture, the cultures were killed by the addition of 2.5 g. of mercuric chloride to each
flask. After daily shaking for 5 days, the mycelium was harvested by ifitering off
the mats with an ordinary household colander; washed with running water until
free of mercuric ions; then dried (first in air and finally in a desiccator over
aluminum oxide); and ground to a fine powder. The yield of the dried and
powdered mycelium amounted to approximately 4.5 g. per flask.
) Extraction and Separation of the Pigments
The powered mycelium (in lots of 500-600 g.) was placed in a large Soxhiet extractor and
extracted with ethylene dichioride for about 100 hours of working time. This solvent did not
completely exhaust the mycelium no matter how prolonged the extraction period. After
removal of the solvent, the residue (about 13 per cent of the dried mycelium) contained a
considerable quantity of fats which were removed by extraction with cyclohexane. This
solvent effected a removal of the lipids and some of the pigments. The mixture of pigments
which was insoluble in the cyclohexane was a dark red-brown powder and is referred to here-
after as the "crude red pigment". This amounted to about 5 per cent of the mycelium.
Further purification of the crude red pigment was effected by column chromatography.
After a preliminary screening of a very large number of adsorbents and solvent systems, the
combination of a mixture of Terra Alba No. 1 and Celite 545 (60%—40% w/w) as adsorbent
and of ethylene dichloride and glacial acetic acid (99.9%—O.1% v/v), both as solvent and
developer, was judged to be the most effective and was used in all cases except where noted
to the contrary. The adsorbents were heated, prior to use, at 170° C for 3 hours and the
ethylene dichloride was rendered anhydrous by azeotropic distillation.
A typical initial chromatography of the crude red pigment was as follows: 400 mg. of
crude red pigment was dissolved in 200 ml. of the solvent mixture and chromatographed on
800 g. of the adsorbent mixture in a column measuring 58 cm. by 58 mm. When fully de-
veloped, an orange band had appeared at the bottom of the column. This was followed by a
clear space above which was a purple band. Above a diffuse brownish area had separated
from a stationary brown band at the very top of the column. The orange band and the
purple band were eluted separately and taken to dryness. Neither eluate yielded crystalline
material indicating nonhomogeneity. Development and elution to this point required ap-
proximately 40 hours of working time.
After elution of the purple band, the developer was changed to the ethylene-dichioride
glacial acetic acid (95%-5% v/v) and additional pigments were eluted from the column.
* Although most of the experimental work reported herein was done with strain C-46,
essentially the same results were also obtained with strain C-129.
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Rechromatography of this fraction indicated that it is highly complex, as the mixture sep-
arated into seven bands on the column, but no crystalline material has as yet been obtained
from it.
The mixture of the pigments from the lower orange band was then treated with small
portions of boiling carbon tetrachloride and filtered. The process was repeated until the
filtrate became colorless or very nearly so. The entire process was repeated with ethyl
alcohol. The material soluble in carbon tetrachioride was very small in amount and was not
further investigated. The material soluble in alcohol was rechromatographed and four
bands appeared on the column. Judging from the lengths of these various bands, the main
component of this fraction appeared as a bright red-orange band at the bottom of the fully
developed column. The pigment or pigments comprising this band were eluted, and even
though they were rechromatographed several additional times, no crystalline material was
obtained. Since the mixture of pigments soluble in ethyl alcohol was complex and since this
fraction amounted to not more than two per cent of the crude red pigment, work on this
fraction has been abandoned.
The mixture insoluble in these two solvents was next rechromatographed on a correspond-
ingly smaller column. When fully developed, a lower yellow zone and an upper orange zone
had appeared between which there was an area of overlap. The yellow zone was eluted to a
point just below the area of overlap. This eluate on concentration to a small volume and on
cooling, or on concentration to a small volume and subsequent slow evaporation at room
temperature, deposited bright orange plates. They represent about 14 per cent of the crude
red pigment. The second eluate consisted of the area of overlap and the entire orange zone.
On concentration and cooling, red needles, which constitute the orange zone, precipitated
readily. These were filtered off and the filtrate, when taken to dryness, was found to contain
mostly the orange plates. The red needles, so obtained, amount to about 7 per cent of the
crude red pigment.
On rechromatography, the original purple band separated into four bands. The main
purple band was preceded by a trace of orange material (probably the red needles) and
followed by a narrow yellow band and a very diffuse grayish-purple band. The separation
of the purple band from the orange and yellow bands was very distinct. On elution and
concentration to a small volume microscopic, dark-purple (almost black-purple) needles
precipitated.
A flow-sheet of the overall isolation procedure is presented in Fig. 1.
The presence of the 0.1 % glacial acetic acid in the developer requires special
comment. Most probably, it enhances the eluting power of the ethylene di-
chloride only a little. However, its presence, even in what might be considered
trace quantities, is absolutely essential to the success of the development under
the experimental conditions chosen. A concentration of 0.2 per cent glacial acetic
acid in the developer did not effect so good a separation as did the lower concen-
tration. Furthermore, in every case where the glacial acetic acid was omitted
from the developer, there was a small initial separation of the pigments but, after
the mixture had moved a short distance down the column, the pigments inex-
plicably became very strongly adsorbed on the column. Further development
could not be effected unless the quantity of glacial acetic acid was substantially
increased. However, with higher concentrations, the developer was too strong
and good separation was not obtained, although the pigments did move again
down the column.
In addition, on rechromatographing the orange plates, "double zoning" was
observed in the absence of glacial acetic acid; none is observed in its presence.
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Double-zoning has been recently reported by Briggs and Taylor (10) in their
work on the hydroxyanthraquinone pigments in the Coprosma genus.
3) Some Properties of the Crystalline Pigments
Red Needles: They are either insoluble or oniy sparingly soluble in most of the
common organic solvents. Of those tested, the red needles were found to be only
moderately soluble or soluble in ethylene dichioride, chloroform, tetrachior-
ethane, glacial acetic acid, and nitrobenzene. Nitrogen, halogens and sulphur are
absent. Using the heated block method, the red needles decompose in the vicinity
of 385_3900. Since this high decomposition point is not a satisfactory criterion of
purity, other means for establishing homogeneity were sought. Rechromatogra-
phy of the red needles on calcium phosphate (dibasic) and Celite (60—40% w/w)
using ethylene clichloride-glacial acetic acid (99.9 %—0.1 % v/v) gave only one
uniform band which moved slowly down the column. Rechromatography of the
red needles on Dicalite Special Speed Flow or on calcium oxalate, C.P. with
ethylene dichloride as developer, likewise gave only one uniform band. This
pigment can be recrystallized from glacial acetic acid and from a thtrobenzene-
alcohol mixture. Unfortunately, carbon-hydrogen determinations on various
samples of this pigment have differed slightly, the range of values being C,
60.73—61.75%, H, 3.72—4.41 %, so that no claim as to absolute homogeneity of
the material can be made thus far. However, since the range of values is not too
far beyond the limits of experimental error and as chromatographic homoge-
neity was found, the isolation procedure does yield material of at least a high
state of purity.
Orange Plates: The general solubilities of this fraction in organic solvents is
the same as for the red needles with the exception that the former are more soluble
in the chlorinated solvents than the latter. Nitrogen, halogens and sulphur are
absent. This fraction can be recrystallized from ethylene dichioride (high losses),
chloroform-hexane mixture, and nitrobenzene-hexane mixture. Using the heated
block technic, the orange plates decompose instantaneously at 339—341°. Once
again, other criteria for homogeneity were sought. This fraction on being re-
chromatographed on the calcium phosphate-Celite mixture gave only one uni-
form band which moved slowly down the column.
A carbon-hydrogen analysis run on the orange plates obtained directly from
the second chromatogram (cf. page 52) gave C, 62.01%, 62.13%; H, 4.02%,
3.86 %. A portion of this same material was then recrystaffized from a nitroben-
zene-hexane mixture and subsequently analyzed. The results follow:—C, 62.12%,
62.34%; H, 4.09 %, 4.25%. (Microanalyses by Drs. Weller and Strauss, Oxford,
England.)
Purple Needles: Since the occurrence of the purple needles in the crude red
pigment is in almost trace quantities, thus far there has been no opportunity to
extend the investigation of this fraction. They can be recrystallized from both
ethylene dichioride and glacial acetic acid and were found to be chromatograph-
ically homogeneous when passed through a column of calcium phosphate-Celite.
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4) Further Confirmation of the Non-identity of the Three Pigments
If the pigment is a single chemical entity and the various shades which are
actually observed are due to pH and/or redox effects, then solutions of the pig-
ments in strong acids or strong bases, or solutions of the reduced pigments should
give the same color. This was not found to be the case as the following results
show:
Orange Plates Red Needles Purple Needles
5% NaHCO3 Insoluble Insoluble Insoluble
5% Na200, Slightly soluble Insoluble Very slightly soluble
iN NaOH Purplish-red Purple Dark blue
Cone. 112504 Deep cherry-red Mauve Dark yellow-green
Na2SsOe• 2H,Of Greenish-yellow Yellow Amber yellow
Glac. Acetic Acid Yellow* Yellow* Wine red*
* The solutions did not fluoresce in either day or ultraviolet light.
t The sodium hydroxide solutions of the three pigments were treated with sodium di-
thionite solution. In each case a reduction occurred as was indicated by a color change.
The final color is noted above.
The solution becomes colored a faint red-purple and the undissolved pigment deepens
in color.
5) Isolation of Ergosterol
The hexane soluble fraction (see Fig. 1), or better still a direct extraction of
the mycelium with hexane was worked up in the usual way for the non-saponi-
fiable constituents of the fat fraction. From it ergosterol was isolated in small
yield (100 mg. from 160 g of dry mycelium). It was identified by a reversed Sal-
kowski reaction, its m.p., and a mixed m.p. To the best of our knowledge, er-
gosterol has not been previously reported as a constituent of the mycelium of T
rubrum.
DISCUSSION
Little is known concerning the chemical composition of the mycelium of the
dermatophytes. The pigments had not been isolated in pure form, despite the
assumption there was oniy one pigment in some of the species, and that the
various colors which are actually observed are due to pH changes and to changes
in the oxidation-reduction potential of the medium. That some of the pigments
are pH indicators and undergo color change on being reduced is undoubted. That
there is only one colored chemical entity, at least in terms of the experimental
evidence available thus far, is incorrect. The crystalline isolates are not chro-
matographically identical; their crystalline forms and colors on deposition from
the same solvent are markedly different. The colors of their solutions in sodium
hydroxide, sulphuric acid, and glacial acetic acid are different, so that the color
changes of growing mycelium cannot be attributed exclusively to changes in the
pH of the medium. Solutions of the three crystalline pigments on reduction are
not colored the same. This would seem to rule out the previously held explanation
that the variations in color are due to the oxidized and reduced forms of one
chemical entity.
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Thus far all the available evidence: crystallinity, chromatographic behavior,
microanalyses, strongly points to the homogeneity of the orange plates. Direct
and conclusive evidence for the absolute homogeneity of the red needles has not
been obtained thus far. However, as is indicated by the combination of criteria
employed, they are most likely in a high state of purity. The quantity of the dark
purple needles which was obtained has been so small that additional evidence for
their homogeneity is not available at this time.
Further work on the isolation of still other pigments present in the mycelium
(extractable with solvents other than ethylene dichloride) and attempts to eluci-
date the structures of the orange plates and the red needles is in progress.
SUMMARY
1) Three crystalline pigments have been isolated from the mycelium of a strain
of T. rubrum.
2) The evidence presented in this paper presents strong evidence of the fact
that the coloration on the undersurface of the mycelium of T. rubrum is due to a
complex mixture of pigments. Therefore, a previous statement in the literature
that ". . . the pigment itself may be regarded as a single chemical substance. .
would appear to be in error.
3) Ergosterol has been isolated from the non-saponifiable fat fraction of
T. rubrum.
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